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1. GENERAL 

1.1 This section provides REA borrowers, consulting engineers, and other 
interested parties with guideline recomnendations on how ripping 

units and rock units will be determined by the use of seismographic equip- 
ment, The use of seianology in buried plant construction should eliminate 
the confusion that now exists when greater than normal difficulty is 
encountered during the plowing ©iteration. 

1.2 Originally, other methods of defining rock were investigated. One 
such msthod was rating tractors and defining their capability to 

plow or rip through different materials. It was soon learned that there were 
many variables involved in rating a tractor. Traction methods, accessories 
allowing plow blades to tilt and vibrate, ccnsiderations for the age and 
general condition of the tractor and the type of environment being dealt 
with all had to be considered. The amount of variables made it iirpossible 
to fairly define the ripping or plowing ability of each tractor. 

1.3 Need for a solution to the rock defining problem led to an inquiry 
into the applications of the seismograph. A seianograph is an 

instrurrent used to measure the travel time of a ccnpressional (sound) wave 
artificially produced in the ground between the source and a detector. Past 
experience has shown that by using a simple procedure, seismographs can be 
used to successfully indicate the type and corposition of subsurface 
materials. 
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1.4 v^ocities of seismic (sound), waves differ greatly for diffe™-i- 

^^prfr materials, depending upon such factors as hardness ^ 

vlZtt in density. The seismograph measures velocity 

1.5 In ^rtions of a project area where there is more than incidental 

HsSSS"d==~~=- 


angle of deviation from the horizontal made bv a 
0 degrees. ” ^ surface. A horizontal discontinuity has a dip of 


the velocity slope changes value. * ^ point at which 

2.3 


Emms - » r.p«,m.a„ the m 

•oSilUhl JSSTo°JnSSSiS’jl5Ji!* travel,.. » 

s: • ■“ ■“ «'”«•> 

, ^S: ■?■”» « tt. t-™t 

along the earth's surface, conprisi^ a fi^L^ ^ straight line 

several haitmer stations, fr^hich^nl;^^;^^ geophcne position and 
to construct and interpret one seismi“p?ot g® be obtained 


2.4 


2.5 


2.6 


2.7 


surfaci^nateSal.°\e°™?4-!r7®t!^t^^^.^ type of sub- 

onn hardness of 

-00 to 4600 meters per 


la) is an electronic 
val with very high precision. 
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The tirr^ interval is that required for a so\jnd wave to travel through 
the earth for a distance of several, tens or hundreds of meters. The sound 
wave is produced from a harrmer blow, dropped weight, or small e>^)losion. 

The arrival of the sound wave is detected by a geophcne. 

The total time interval is rarely more than a few hundredths of a 
second and must be measured to an accuracy of 1/1000 of a second or more, 
so very precise instrumentation is required. Recent technological advances 
have allowed units to beocme rrore ccmpact, easier to operate and less ejqjen- 
sive. Most types weigh several kilograms, depending on the specific model 
chosen. The type of power source is usually rechargeable batteries. 


KEGURE 1-A 



3.2 Hamner - A sledge hamrer C^igure lb) is all that is required to 

generate ground vibrations when conducting surveys involving depths 
at which cables are plowed. The hairmer is fitted with a special switch 
which closes at the instant of iirpact- Caution should be taken to,, keep 
the switch on the upper side of the hantner handle w hen strlMng. The 
haitmer switch must be connected through a cable into the seismograph. 

For greater depths of investigation ejqjlosives or heavy weight 
dropping equipnient may be used. 
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fjgure 1-B 



3.3 


the ground vibrations pr<SuSd by the ^ device for detecting 

A sf^ on the botton of the geophctie Jlows ground, 

the topsoil for maxiinum effe^i^L ^ it ^ firmly into 

replaced with a flat base for use on iW^^o^l^r 


figure 1-C 
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3.4 Hairmer Cable - The function of the hammer cable (Figure Id) is to 

connect the hanmer to the seianograph. Cables are sipplied in v^ious 
lengths, and may be connected in series if additional length is desired. 


FIGURE 1-D 



3.5 Striking Plate - A striking plate (Figure le) sh^d be laid on the 
ground and used to receive the hamier inpact. The 
plate is to achieve maximum energy transfer from the ha^r he^ into the 
ground. Occasionally, the topsoil may be hard enough that a striking 
plate is not required. 


FIGURE 1-E 



The striking plate must be large enough that the hanm^ ^e^ is 
not wasted in driving it deep into the soil. Oci the other hand, it n^t be 
small enorgh to make firm contact with the ground at all 
A circular plate is reoanmended in preference to a squ^ because 

the square plate tends to tip over onto the comers under inpact. 


A reocxrmended plate is a circular disc of tool steel, 18 centimeters 
in diameter and 2 centimeters thick. 
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4. GATHERING DATA 

4.1 The basic Procedure for Jtiaklng a seianic survey is as follows: 

1. Connect the geophone and harrmer extension cords to the proper 
receptacles on the seismograph. 

2. Lay out a i^asuring tape along the ground to be surveyed/ 
marlCLng off increments to be used as hamnering stations . 

3. Place a geophone at the starting point. 

4. the seismograph on, adjust the focus and intensity of the 
referee line on the cathode ray tube, adjust the gain, depress 
the clear function and then depress the "arm" function. 

5. Vomd a hanror on a striking plate at each marked location (clear 
and ^ each time) and record the corresponding time readings 
displayed on the seianograph. 

6. Plot the data on a time-distance curve, 

graphical or analytical methods, deteimine the 
subsurface oaiposition. tne 


f'leURC IE 



Note: l^intenance and operating instructions should be foi 

indicated hy the manufacturer. ^ followed 


as 
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5. PRECAUTIONS 

srs Slices s^of .gi 

Sts “Srsi-fs-sss siss; 

FStSS' “SF f # 

1/3 to TmSr of the surface, tilt the top of the gecphone 20 - 30 
dSr^s away fron the hanmer. At larger distances, return it to th 

vertical position- 

R T1 In addition, loose material and grass should be r^^d 

placing the striking plate on the ground, particularly when 

harrmering over large distances, 

vhere depth information is required. Avoid topogr^hical i egu 
if possible. 

21 Closer spacing between hanmer points and the geophone will y^ld 
S^facS^aS and detailed results. Ihe 

=i€r“LEr“ s |ssr 

IXSe'gSh"! A distance of 3 to 5 meters is even better. 

highly are 

r “w^crLst at tile instan^J^t^^r b^ ^ no 

tasy higtaays, for vibration, it may be 

vehicles are Pa^ng- at hours when vibrations are minimized, 

necessary to carry out the su^ vihraUon may 

£ss?;~= ?. «* «.«n, .«»«=... 
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Generating a Seiartic Vfave - How successful a seismic wave is 
transmitted depends on both soil conditions and the method used 
to generate the wave, loose soil will absorb much of the hammer energy 
and prevent the wave fron traveling far. Generally, at distances of 
6 meters or less, a moderate blow from a 5 kg hamrrKr is sufficient; 
at larger distances, the operator should strike as hard as possible, 

Ihe most effective blow is obtained whoi the striking face falls 
flat against the striking plate. 


^^ttinq the C^ in Ctantrol ~ The function of the gain control is to 
or decrease the anplification of geophone vibrations. As 
the desired waveform is arrplified so is noise. When the gain setting 
^ too low, the wave caused ty the hanrter blow is not arrplified enough to 
^ noUceable. A gain setting too high may amplify noise to such an extent 
that It IS mistaken as the generated seismic wave. For short hammer 
stances, 3 to 6 meters it is usually sufficient to set the gain control 
at seme intermediate position, such as 3 or 4 on a scale of 10. On 

^ visiaal display of the seismic waveform the marker 
w readings will bounce up and down on the screen 

^ bannering, due to surrounding noise. Ihe gain control 

selsmocranh ^ (for screens 5 to 10 centimeters high) . Ihe type of 

wn S digital time readout but no waveform display, 

^ n^ufacbirers instruction^ 

S^rfphf required concerning non-cathode ray tube type 


BS T^pimg ihe .seimc wave -mflyE L time rom a m.^PT.^v^ 
6.1 EKanple of a typical waveform as shown on a seismograph: 
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figure HE. 



Turning the marker ^thr^kS^ves^o^th^ri^Vt of the 

horizontally across the Placing the marker at the beginning 

rre S^eronfx? 

can usually be a.Juste. 

b?a tine period selector taob shown above. 
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7. PROFILING IHE SUBSURFACP! 


7.1 Knowing the travel tirre of the 
traveled, we can calculate the 
equation. 


seiaiuc wave as well as the distance 
wave velocity using the following 


Velocity == Distance 
Tiire 

SSne ^ hamiBring location and 

veSi“d\^ sei^c^raph 

Velocity = IQ meters = 4000 m/sec 
0,0025 sec. 

velocity calculation gives a very general indication of 

ti™ ^*3 gsi"": =“»■ ■- A -» iSSS f™,i 

Exanple: 


Distanoe 
0-1 , 5 meters 
0-3,0 meters 
0-4 . 5 meters 
0-6.0 meters 
0-7.5 meters 
0-9.0 meters 


Tims 
2.9 ms 

5.8 ms 
7.2 ms 

8.9 ms 
9.5 ms 
10.1 ms 


0-10.5 meters 10.7 ms 
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25 
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DISTANCE (METERS) 

yields 3"lines straight lines 

a different velocity and each velocitv slope corresponds to 

^rface material, ihe three 
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w — = 517m/sec 

I" 5.8ms 

w 6,0 -3 .Om ^ ggg m/sec 
V 8.9-5.8m8 

10,5-6. OffL - 2500 
lO.T-e.Sms 


-The harcmer distances at vAiich the changes in 
and X 2 (see Figure IV) . Ihe depth to the 


slope occur are designated 
first discontinuity (D^^) is 


D 


I 





3.0 I 968- 517 
i" J 968 +5|7~“ 


The depth to the second discontinuity (D 2 ) is: 



^2 

= P(D,) + - 


V3-V2 

V3+V2 


Tor an approxixfvation take: 


p = 5/6 or 0.85 
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For an e3ac± solution take: 



Substituting appropriate values and approximating, we find; 



0 , 85 ( 0 , 83 )-^- 


6 ^ 

Zy 


2500-968 , 
2500 + 968 


2.70m 


Based on this data, a rough profile of the area surveyed would appear as 
shown in Figure V. 


FIGURE 3C 

LENGTH ALONG GROUND SURFACE 
(METERS) 



12 - 
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ccmputed depths represent an average 

^!;^Tst:n“™-= 100 "" 

frcm roughly the 20 meter station to the 80 meter station. 

7.3 in situations not requiring high 

to estimate the depth to which hard ^Xof at Sast 

roughly, we can say that no harder material exists within a p 

one-third of the maximum hamror ^stance, ^th a higher velocity 

Figure IV, we can conclude the^ o"n? 3 )"^^ mLSS with a higher 

^ r-. 

but, are still reliable enough for many applications, 


7.4 Graphical Itechnicfu e.q of Profilim 


1 41 At many times while conducting surveys, immediate wiU be 

be used so that results may be verified. 

,.42 m ^ M th. «ti. 

...sis-iiSfSi: 

A line Lrrce°lo"L?Sf^rds a layer^hiclciess of 

This is approximately equal to the calculated value . 


7.43 


distance 
0.80 meters. 

7,5 ni pping gryintinuities 

the same hanrner stations. 
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A 



HAMMER 
LINE A - 


FIGURE 3Z3X. 




HAMMER ® 



7.52 asking another exarrple, assume both a forward and reverse traverse 
were run and data obtained from both traverses was plotted on a 

graph. See Figure VIII. 

Vi = 360 m/sec. 

" 1370 iVsec. 

2A 

V 2 B ” 2100 m/sec. 

Note that the total time from A to B as well as the velocity must be 
the same for both traverses. If this is not the case, there is something 
wrong with the data. 

7.53 By inspection of Figure VIII or similar gmphs the following 
conclusions may be drawn concerning the first discontinuity. 


FIGURE snr 



DISTANCE (METERS) 


(V 


-^15 - 
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a. 


b. 


c. 


^ depth to the V 2 material will be larger at the end of the 
traverse ^ich shows the larger break distance, X-, . In this 

B) is larger th^ Xt. (measured 

tta Se deSh S T. 

proportional to the difference between X,, and 
L r estiitate as to whether the dip is 

difference means a large dip. If Xia 

teriSntel! ^ surface is ^ 

^e^true velocity V 2 is roughly equal to the average of VyA and 


V. . p3a ) , (i:^7n> ( 2100 ) 

'^ZA +V2B Ti370)+(2IOO)~ ' '658 m/sec 




^/^ZZ^JO^ / j370-3 60~ 
2VV2a+V( ■ 2 1370 +366" ” 


m 


^B“"r\Ar^=— ^ /-^<Q0-360 .5 
^'VgB+v, 2 vTiooTSeo 


6m 


DIP ANGLE 0 = 1/2 



DIP ANGLE 6 = 1/2 




iln*" 



2.7 degrees 
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Based on this data a profile of the two earth layers would appear as 
illustrated in Eigure IX. 


FIGURE XC 

LENGTH ALONG GROUND SURFACE 
(METERS) 


2 

4 

DEPTH g 
(METERS) 

8 

10 



.QTOAT. properttf-c; of earth materia ls ERC^ SKT.SKTC VEIjOCITI^ , 


8. Tr., c?rTMATTMG PpySTPAL OF KAKJ-n 

So^^SSed toesSrte Sf^ttSnTSie^suSurfaS mSrl^s 
fron the table in Figure X. 

Where the area ^ter - bedrock, whether it is mostly 

SS velocities alone are not 

f^sSi“dication of material pl^sical properties. 
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Wien estirrating type of subsurface, there are several general rule! 
^hich the analyst should keep in mind as he studies the velocity clart 
ihese rules are: 


consolidation, or 


materials, velocity increases sorewhat with 


3. feathering of a rook will greatly reduce its velocity. 


asggign kn^v^^v^lrfl^rfe^lr velocities, and 


depend to a great^e!rtSt'^on°the^oveSn*’^ of earth material will 
the area under study. geological characteristics of 


If high-preoislOT JS^Snts interference 

as estimating rippability under borderliS purposes 

a dip exists and follow the prooedire f^ im ' always assume that 

Section 7.5. prooeciire for "Dipping Discontinuity" in 


•such rock properties as rippability and velocity data to determine 
wLfi f oonditioL capacity. Such properties 
rippability with a D7 tractS: ^ ^ published data on 



REA TE & CM 645 


Eicaire X 

IfeLble of Representative Velocity Values 


(Note: Occasional formation may yield velocities which lie 
outside of these ranges} 


Velocity in Meters/Sec. 


Unconsolidated Materials 

Most unconsolidated materials 
Soil - normal 

- hard packed 
Water 

Loose sand - above water table 
- below water table 
Loose mixed sard and gravel, wet 
Loose gravel, wet 

Qonsolidated Materials 
MDst hard rocks 
Coal 
Clay 

Shale - soft 
- hard 

Limestone - weathered 
- hard 

Basalt 

Granite and unweathered gneiss 
Conpacted glacial tills 
hardpan, cemented gravels 
Frozen soil 
Pure Ice 


Below 915 
245 to 460 
460 to 610 
1525 

245 to 610 
460 to 1220 
460 to 1050 
460 to 915 


Above 2440 
915 to 1525 
915 to 1830 
1220 to 2135 
1830 to 3050 
As low as 1220 
2440 to 5485 
2440 to 3960 
3050 to 6100 

1220 to 2135 
1220 to 2135 
3050 to 3660 
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D7G 

n 

VMocity (n Mettri Ptr S«eond » 1000 
Vtteelfy In Pgr SecoftdK tOQO ^ 

TOPSOIL 
CLAY 

GLACIAL TILL 
IGNEOUS ROCKS 
GRANITE 
BASALT 
TRAP ROCK 

SEDIMENTARY ROCKS 

SHALE 
SANDSTONE 
SILTSTONE 
CLAYSTONE 
CONGLOMERATE 
BRECCIA 
CALICHE 
LIMESTONE 

METAMORPHIC ROCKS 
SCHIST 
SLATE 

MINERALS a ORES 
COAL 
IRON ORE 


FIGURE JOi 

RIPPER PERFORMANCE ESTIMATED 
BY SEISMIC WAVE VELOCITIES 

■ I -I 5 I 5_ 



<2 13 I4_|S 


PLOWAILt 


RIRPABLC 


NARttlNAL I 


NON-RIPPAtLC 


8.2 Based on the ej^ecrted plowing and ripping ability of tractors used 
in the REA program, the velocity ranges below should be interpreted 
as follows: 


Above Water Table 
0-914 m/sec 
914-1524 m/sec 
1524 11/860 and up 


In or Belcw the Water Table 
0-1524 m/sec 
1524-2134 m/sec 
2134 m/sec and up 


Plowable 

Rippable 

Rock 
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9. SOIL SURVEY MAPS 

9.1 Refer to Appendix B for a list of soil surveys available through 
the Soil Conservation Service. These surveys provic3e several 
kinds of useful information. Depth to rock, gravel or cobble layers, 
or hard, dense pans are indicated vjhere they are within 2 meters of the 
surface. Soil surveys also indicate seasonal soil wetness and depth 
to water table. Corrosivity of soils to steel and concrete is also 
indicated. Areas of contrasting soils as small as 2 acres are 
delineated. 

Where soil surveys are available, they can be used to select 
sites where soil properties are most favorable, (^ce sites are 
selected soil surveys will indicate the ease or difficulty of excava- 
tion and tlie kinds of soil problems that will be encountered. 


21 - 
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APPENDIX A 


MOST PROBABLE INTERPRETATION OF TYPICAL DATA PAOTS 


Example A 



Distance 



Single Layer - Uniform 
Subsurface 


Kxniiiph' }t 


V, > 


Ditil.itiici) 



Scatl.oroil lUxihli'ni Avax 

ill p 


Example C 



Distance 



Liiyers - year Position 'M” 
the Pock Surface is 7 , 

Elsewhere . shallower than 


I V, 


HXiiuiph) I) 


• t 


Din (uinc't! 



Layers - Noar Position "A 
tte Pock Surface is Deeper 
than Elsewhere . 


figure I 
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Hxnwpla h' 



Example F 



liia tiinco 


Distance 





7Wf) Lnuniv - The Ions; donfso layer 
im l:h(} mivl'aci' - oi. - vortical 
aoniu’Kit: oI:' -i ffiozY- f/<>nyrj material 
in tha nnnldon fnrtihoist /.tow the 
(jooplumv . 


Two Layers - Verticsl Contact of a 
less dense material in the section 
farthest from the geophone. 



